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(54) Data recording media and recording/reproduction thereof 



(57) High-speed access to a mufti-layered disk is to 
be realized. Each layer on a multi-layered disk may in- 
elude an inside guard area 2, program area 3, and outer 
guard area 5 which are located in unilorm radial posi- 
tions in all layers. The uppermost layer has the recording 
direction from the inner side to the outer side of the disk, 
and the next layer has the recording direction from the 
outer side to the inner side of the disk such that opposite 
recording directions appear alternately. The radial posi- 
tion of the recording terminal end on the uppermost first 
layer may coincide with the radial position of the start of 
record on the next second layer Recording and/or play- 
back apparatus for such recording media is also provid- 
ed. 
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Description 

This invention relates to data recording media suit- 
able for recording digital signals, for example, and to 
record/p fay back apparatus therefor. s 

Already known are multi-layered disks having a plu- 
rality of recording fayers formed on a disk such that each 
layer is selectively read out under focus control of an 
optical pickup. For exampfe, U.S. Patent No. 5,263 011 
discloses one of such mufti-layered disks and a record to 
and playback apparatus using the disk. 

The technique on mufti-layered disks by the above- 
identified document does not pay sufficient considera- 
tion for practical use : and it is still in the course of de- 
velopment. That is, no teaching is found about actual is 
data writing and reading. In particular, no consideration 
is paid on recording and reproducing vdeo data and/or 
audio data using compressed codes. 

In a conventional CD (compact disk), for example, 
its recording track is formed to start from the inner side 20 
to the outer side of the disk. However, there has been 
no disclosure on how to form recording tracks on a multi- 
layered disk. Therefore, conventional techniques hav- 
ing been employed for single-layered disks involve 
many problems to be discussed henceforth, afthcugh 2$ 
they are employable in some limited cases. 

According to one aspect of the invention, there is 
provided a disk-shaped data recording medium, com- 
prising: 

30 

at least a first and a second recording layers; 
a first recording direction from the inner side to the 
outer side of the medium and a second recording 
direction from the outer side to the inner side oJ the 
medium being determined as directions for record- 35 
ing data; 

one of the first and second recording directions 
being used as the recording direction of the first 
recording layer; 

the other of the first and second recording directions *o 
being used as the recording direction of the second 
recording layer; and 

each of the recording layers including a data area 
in which data has a sector structure, and each sec- 
tor containing at least a layer number for identifying *s 
the first recording layer and the second recording 
layer. 

Respective further aspects of the invention are set 
forth in claims 5, 6, 7, 8, 9 and 10. 50 

Embodiments of the invention provide a data re- 
cording medium and a record/playback apparatus using 
the data recording medium. 

On the data area of each layer of an embodiment, 
data has a sector structure, and each sector contains 55 
the number of total recording layers on the disk. 

Recording areas may be provided such that an in- 
ner guard area of a respective layer overlaps with an 
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outer guard ares of another layer and TOC areas may 
contain at feast data far access to all teye-s find ds~a for 
identifying respective layers 

The TOC areas on the uppermost layer may be pro- 
vided in a location contiguous to tne data a'ea on. the 
uppermost layer. The cata arsa cf each layer has a sec- 
tor struct u r e. and sector rurrbe r s cf respective sectors 
can be determined accord;ng to a numbering system en- 
abling identificat on of at least the layer numbers. 

A reccroVpfayback apparatus using a data reco-d ng 
medium embodying the invention accesses t">e medium 
by utilizing the recording taye's TOC areas ssctcr 
structure, elc of the medium. 

The data record;ng medium embodying the rven- 
tion can be reacify accessed because c* the structtre 
of the recording tracks. Therefore, the record- playback 
apparatus using the data record:ng medium emoodytng 
the invent on can easiry access the medium at a high 
speed. 

Embodiments of the irvenltcn will now be de- 
scribed, by way of exampfe. with reference to the ac- 
companying drawrngs rn when: 

Fig. 1 is a schematic viewshowrng an aspect of divi- 
sional areas on a disk accordirg to an embodiment 
of the invention: 

Figs. 2A and 2S are schematic views for explajnmg 
recorcrng directors in an embodiment of the inven- 
tion; 

Fig 3 is a schematic view illustrating an example cf 
locations of TOC on a d:s< embodying the invention: 
Fig. 4 is e schematic view of ar exampfe of dividing 
sectors on a disk embocying the nventcn; 
Figs. 5A and SB a'e schematic views showing one 
and another examples of Sector Addresses: 
Fig 6 is a schematic view shewing an example of 
the layer field: 

Fig 7 is a schematic view shewing an example of 
data that represents the Numoer cf Layers ri the 
layer field: 

Fig. S is a sehematx; view shew rig an example of 
data that represents the Layer Number :n tne layer 
fieki; 

Fig. 9 is a schemat c view for explaining a st:!I further 
exampfe of Sector Addresses: 
Fig. 10 is a schematic view for explaining another 
exampfe of locations of TOC: 

Fig 11 is a schematic view for ex pia in ng da talayojt 
of the first TOC, 

Fig. 12 is a schematic view for expiating Layout of 
Disc Entry layout in the first TOC: 
Fig. 1 3 is a schematic view for explaining layout cf 
Layer Entry in the first TOC: 

Fig 14 is a schematic view for explaining layout of 
Track Entry in the first TOC: 

Fig 1 5 is a schematic view for explanrrg data lay* 
out of addrrkvnal TOC: and 

Fig. 16 is a block diagram of a d:sk playback appa- 
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ratus according to an embodiment of the invention. 

An embodiment of the invention is described below. 
The embodiment is a multi-layered disk in which a plu- 
rality of recording layers are provided in the thickness 
direction of the disk 1 . One of the recording layers near- 
est to the surface for confrontation with a pickup is re- 
ferred to as the uppermost recording layer in the follow- 
ing description. Fig. 1 is a schematic view taken from 
above the disk 1 for explaining areas of the multi-layered 
disk embodying the invention. Numeral 2 denotes an in- 
ner guard area (called IGA), 3 a program area, and 4 an 
outer guard area (called OGA). In case of the uppermost 
recording layer LO, the IGA is a read-in area, and the 
OGA is a read-out area. In the next layer LI, the OGA 
is a read-in area, and the IGA is a read-out area. 

Explained below are structures of the respective 
layers with reference to Figs. 2A and 2B. The embodi- 
ment involves both making a spiral recording track de- 
parting from the inner side to the outer side of a disk and 
making a spiral recording track departing from the outer 
side to the inner side of a disk. As to the relationship 
between the plurality of layers, layers to be recorded 
from the inner side to the outer side of the disk and layers 
to be recorded from the outer side to the inner side of 
the disk lie alternately. Further, as an example, layers 
with even numbers, LO, L2,... are to be recorded from 
the inner side to the outer side of the disk while layers 
with odd numbers. L1 , L3,. . are to be recorded from the 
outer side lo the inner side ol the disk The even num- 
bers and odd numbers used here are reference num- 
bers assigned to layers L only for the purpose ol expla- 
nation, and the uppermost layer is assigned with an 
even number, LO, although it is in the first order. 

That is, Fig. 2A shows a spiral recording track Te of 
each layer having an even number which is recorded 
from the inner side to the outer side of the disk as shown 
by the arrow mark. On the other hand, as shown in Fig. 
2B, the recording track To of each layer having an odd 
number is spirally recorded from the outer side to the 
inner side of the disk. In this case, the uppermost layer 
is referred to as the O-numbered layer, LO, on which re- 
cording proceeds from the inner side to the outer side 
of the disk. 

In terms of the spiral directions, recording tracks are 
classified into those having forward spiral recording 
tracks Te and those having reverse spiral recording 
tracks To, depending of respective layers. The layers 
with forward spiral recording tracks Te and the layers 
with reverse spiral recording tracks To are disposed to 
appear alternately such that data is recorded on forward 
spiral recording tracks in even -numbered layers LO, 
L2,.., and on reverse spiral recording tracks in odd-num- 
bered layers L1 r L3,... The uppermost layer LO definitely 
has the forward spiral recording track Te (the same di- 
rection as lhat of typical CDs) in order that an errone- 
ously loaded disk can be distinguished, even when the 
disk size is the same as that of typical CDs. 
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Returning back to Fig. 1, program areas on the disk 
are formed to terminate at equivalent positions. That is, 
the final end of signals on each even-numbered layer 
and the initial end of signals on each odd-numbered lay- 

5 er lie on approximately the same radial positions on the 
disk. For example, the final end of signals on each even- 
numbered layer and the initial end of signals on each 
odd-numbered layer are positioned very close. Approx- 
imate coincidence of their radial positions is sufficient, 

10 and their angular positions need not be close. More spe- 
cifically, the total amount of data to be recorded on a 
disk is calculated, and the pickup is turned back and 
moved from a layer to a lower layer upon recordrng a 
half amount of data, such that the final end of the data 

is comes to the same radial position as that of the inner 
side of the upper layer In this manner, repeated repro- 
duction is facilitated, and the access speed for moving 
to a lower layer is increased. Therefore, as shown in Fig. 
1 taken from above the disk, program areas of respec- 

20 live layers coincide. 

Next explained are the IGA and the OGA. As shown 
in Fig. 1 , the inner side IGA is uniformed among respec- 
tive layers. The OGA of a respective layer is also uni- 
formed with that of one of the layers having the largest 

£S recording area (program area) in the recording medium, 
such that the IGA and the OGA can be identified in any 
layer when the reading layer is changed by focus jump 
from one layer to another near the inner side or the outer 
side of the disk. 

00 in CDs, the innermost data record prohibiting area 
and the end of data are detected through detection of 
read-in/read-out areas. However, this is effective be- 
cause CDs are single-layered. In case of the disk em- 
bodying the invention having a plurality of layers, even 
when data ends at a radial position of a certain layer, 
another layer may have data recorded beyond the same 
radial position. 

In this embodiment, even when data on a certain 
layer ends at a certain radial position, if another layer 

40 has data recorded beyond the same radial position, then 
empty data (for example, data comprising a string of ze- 
ro) is recorded on the former layer up to the same radial 
position. Tracks having recorded empty data are called 
empty tracks. If empty data is not recorded, then it may 

4£ occur that sector head information cannot be found 
when the reading layer is changed by focus jump from 
a layer with data to another without data When sector 
head information is not obtained, control onto the pickup 
and servo control will be difficult. 

50 Next explained is the TOC (Table of Contents) with 

reference to Fig. 3. Fig. 3 shows layout of recording 
tracks, showing respective layers in a cross-sectional 
view of the disk. Numeral 2 denotes the IGA, 3 denotes 
program areas, and 4 labels the OGA. Arrows show 

55 moving directions of the pickup. 

Among even-numbered layers and odd-numbered 
layers, positions for recording the IGA and the OGA are 
uniformed That is, the TOC of layer LO (TOCO) and' the 
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TOC of layer L2 (TOC2) are located in the same area. 
Th us the time required for the IGA can be reduced 

The TOC of all layers (TOC00) is recorded on the 
uppermost layer. Thus the states of all layers of the disk 
can be identified with reference to the IGA of the first 
layer LO alone. If the first layer LO conlains the TOC cf 
another layer, TOC00 for example, then the TOCO on 
its own layer is recorded in a location nearest to the pro- 
gram area to facilitate identification from the other layer 
Thus the time from the IGA to the start of the program 
can be shortened. 

The TOC00 contains important data defining the 
disk. For example, if both conventional single-layered 
disks and multi-layered disks are acceptable as stand- 
ard disks, then the TOC00 contains ID for distinguishing 
whether a disk is single-layered or muttj-layered. In an- 
other example, the TOC00 contains information indicat- 
ing the total layers of a multi-layered disk. Further, by 
linking with the TOCO to the TOCn of respective layers, 
the TOC00 can be first accessed upon an access re- 
quest to determine the TOC of which layer is to be next 
accessed. Moreover, the TOC00 may contain the larg- 
est radius of program areas of all layers to prevent the 
pickup from reading areas beyond the largest radius. 
Therefore, when different disks with different sizes are 
standardized, overrun (dropout of the pickup from the 
program area) on a small- sized disk can be prevented. 

Data recorded on the disk has a sector structure. 
Sectors are explained below with reference to Figs 4, 
5A and SB. Fig. 4 schematically shows the sector struc- 
ture of the first layer LO. In the example of Fig. 4, a disk 
of a constant angular velocity (CAV) type is taken for 
simplicity. Actually, however, a disk of a constant linear 
velocity (CLV) type is used considering the recording 
density. 

Data on each layer is recorded In the unit of sectors 
(00 to 255). Considering that the data of all layers con- 
stitutes a single program, it is easy to assign consecu- 
tive numbers to sector addresses of a plurality of layers. 
For example, in the second layer net shown, sector ad- 
dresses (256 to 511) are used, and in the third layer, 
sector addresses (512 to 767) are used. Moreover, de- 
scription of layer numbers is necessary to facilitate se- 
lection of a respective layer. 

In this connection, as shown in Fig. 5A the layer 
number of each sector is recorded on the sub-code SC. 
In addition to the layer number, the cutting direction, 
such as from the inner side to the outer side of the disk 
(or the vice versa), reverse spiral, or the like, is prefer- 
ably recorded on the sub-code SC- 

In lieu of describing the layer number as the sub- 
code, combined codes with the layer number and sector 
addresses may be recorded as sector addresses of the 
multi-layered disk. That is, the layer number is added as 
a primary bit of sector addresses. In this case, the layer 
number of the uppermost layer must be 0. Therefore, 
sector addresses of the uppermost layer are (0000 to 
0255). In regard of the other layers, the sequence of the 



layer numbers coincides with the physx^af sequence of 
the layers ft should he prevented to skip iayer rubbers 
or to substitute the srder so as to facilitate the change- 
over from a laye' to another 
s It is also possible that layer information recorded on 

the sub-cede Sc contains the number cf total reccing 
layers on the disk in acd:ton to the layer number. Fig 6 
shows such an examp'e. In Frg 5. a one- byte layer fie l d 
contains the lieki of the 3-brt number fb5 to b3; cf tctat 
layers and the field cf the 3-trt (c2 to b0) layer nu— ber 
Fig B shows definition cf tayer n Limbers A-thcjjh 
only layer numbers L0 and LI a'e defined here the us- 
age of the field is the same as shown ir Ftg s 5 A and 53 
Fig 7 shows definition of rurrbe-s cf tola layers 
Here are defined 1 and 2 as numbers of \olal record, 
layers. For example, it both conventional sinc'e-layered 
disks and mufti- laye red risks are acceptable as stand- 
ard disks, this field is used for determining whether a 
disk is single^ayered or multi-layered 

Further explained is another example c*' sector 
header information such as sector address Header rs- 
formation contains a track number, sector address, cop- 
yright code, application code, and so forth, in add-on 
to the layer number. Each track number is a IB-b^tcods. 
and values (0 to 65533} a-e ass gned as track r umbers 
in the program area c* the disk, in which 65534 ts the 
track number of the OGA and 65535 is the track number 
of the IGA 

Each sector address has the teng*n c* 24 brts In the 
following description. S represents 16 d i cits Each sec- 
tor address is a 24-bit two-compement code In forwa'd 
spiral layers L0. L2 . the sector address increases 
from the inner sde to the outer side of tne ti-sk. In re- 
verse spiral layers LI , L3 ; — , the sector address ncreas- 
es from the outer side to the inner side of the dvsk„ if 
recording is started from the nrermost $300000 jh for- 
ward spiraJ layers, then recording on reverse spirai lay- 
ers is done such that the innermost sector address be- 
comes $500000 for example On each racial position 
of the disk, the relation between the sector address 
S AdO cf layer L0 and the sector acdress SAdl cf layer 
L1 is: 

SAdl - SAdO XOR $7FFrFF 
In this manner, sector addresses at the same rada! 
position in both forward spiral layers and reverse spiral 
layers can be converted by a simple ca culation because 
the exclusive logical sum (XOR? wrth S7FFFFF may be 
calculated. 

In case of CLV disks, in particular, the nimber c? 
sectors in one track varies win tne radius. Therefore, it 
is effective for the servo orcuit to use a current position 
(radial information) of the pickup to know the number of 
tracks to be jumped over upon accessing a partcular 
sector. Radial informaton can be cctaried a'so Vom the 
sector address by reference to tne tabic fcr example. 
In this case, rf sector addresses are determined wth no 
consideration about the forward spraf d;r5cton and the 
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reverse spiral direction, then different tables must be 
prepared for the forward spiral direction and for the re- 
verse spiral direction, If the outermost sector address is 
not standardized, then radial information is not calculat- 
ed from the reference table, and calculation or meas- 
urement of the number of total sectors in one track will 
be required. 

Since this example is configured to assign sector 
numbers that makes it easy to convert sector addresses 
either in forward spiral layers or in reverse spiral layers 
by simple calculation, each sector address on either lay- 
er can be easily converted into radial information. Thus 
the amount of tables required can be reduced, and high- 
speed access is realised. 

Fig. 9 shows a disk layout with addresses deter- 
mined in the above -explained manner. The sector ad- 
dress of the last sector in the IGA (inner guard area) of 
layer LO is equal to (-1 ). The track number for all sectors 
in the IG3 is equal to 65535. The application code of all 
sectors in the IGA is equal to 0. 

The number of sectors in all program areas of a disk 
is equal. Unused tracks in the program area or areas of 
a disk are encoded as empty tracks. The innermost 
(first) sector of the program area of layer LO is equal to 
0 (that is, $000000). The outermost (last) sector address 
of the program area of layer L1 is equal to S7FFFFR 
The relation referred to above, namely ($7FFFFF = 
$00000 XOR S7FFFFF) exists between these both. 

Fig. 9 shows an example of a dual layer disk with 
three tracks in the program area of layer L0 and two 
tracks in the program area of layer L1. For example, 
tracks 0, 1 , 2 and 3 contain user data, and track 4 is an 
empty track. The track number of the first track of layer 
L1 is equal to the highest track number of layer L0 in- 
cremented by one. 

The first sector address of the OGA (outer guard 
area) of layer L0 is equal to the last sector address in 
the program area incremented by one. The track 
number of aft sectors in the OGA is equal to 65534. The 
application code of all sectors in the OGA is equal to 0. 
Jn single-layered disks, the layout of layer L0 can be 
used 

Fig. 1 0 shows the location of the TOC on a dual lay- 
er disk. Each layer contain three copies of the TOC. The 
TOC ol each layer is located in the IGA, and includes a 
first TOC and an additional TOC The TOC is recorded 
as one or more consecutive sectors. In layer L0, the first 
sector addresses of the TOC are: -3072, -2048 and - 
1024. In layer L1 , the first sector addresses of the TOC 
are: (-1 XOR $7FFFFF), (-1025 XOR S7FFFFF) and (~ 
2049 XOR S7FFFFF). For a single-layered disk, the lo- 
cation of the TOC of layer L0 is applicable. 

The tayout of the first TOC sector is given in Fig 11, 
Individual fields are explained below. The "System ID" 
contains "HDCD" coded according to ISO 646. 

The "System Version Number" is the version 
number of the high density CD system description used 
for the disk. The first two bytes contain the major version" 
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number encoded according to ISO 646, and the last two 
bytes contain the minor version number encoded ac- 
cording to ISO 646. For example, the major version 
number is "01 and the minor version number is "00". 

5 The "Number of TOC Sectors" is a two-byte field 

containing the encoded number of sectors in the TOC. 
The "TOC Sector Number" is an encoded number indi- 
cating the sequence of the sector in the entire TOC. "0" 
is always recorded lor the first TOC sector. The "Disc 

10 Entry" contains some parameters which indicate prop- 
erties of the disk. The layout of the disc entry field is 
given in Fig. 12. 

The "Disk S)ze\ for example, of the disc entry is a 
one-byte field containing the encoded outer diameter of 

is the disk in mm. All bytes in the reserved field have the 
value $00. The "Number of Layers" is a one-byte f lefd 
containing the encoded number ol data recording layers 
on the disk. The "Number of Tracks" is a two-byte field 
containing the encoded number of total tracks on the 

so disk. 

The "Logical Track Number Offset" is used as an 
offset value upon converting the physical track number 
to the logical track number Although the physical track 
number is reset to "0" at the leading head of each disk, 

25 a single track number space can be made over a plural- 
ity of disks by using the "Logical Track Number Offset". 

The "Disc Application ID" contains the application 
code of the disk. If the disk contains one application 
code and zero or more empty tracks, then the disk ap- 

30 plication ID is equal to the track application code, or else 
the application ID is equal to $FF. 

The "Volume I D" is a 1 6-byte ISO 646 code and con- 
tains the identification of the disk. A group of disks with 
an identical volume ID is called a volume set. The 

35 number of disks in a volume set is encoded into two 
bytes of the volume set size. 

The address number of a sector containing the disk 
information is encoded into a 24 bit 'Disk Information 
Sector". The disk information sector is a 2-complement 

40 code. If the disk information is not available for a disk, 
then the value of the disk information sector is set to -1 . 
The byte offset within the user data field of the disk is 
encoded as the two-byte "Disk Information Offset", tf the 
disk information is not available for a djsk, then the value 

45 of the disk information offset is set to $FFFF. 

In Fig. 11, the "Layer 0 Entry" contains information 
on the uppermost layer (L0), and the "Layer 1 Entry" 
contains information on L1 . Their contents are absolute- 
ly the same. 

so The layout of the "Layer Entry" is given in Fig. 13. 
The 16 bytes of the layer entry contain parameters of 
the layer in which the TOC is located. The Layer Number 
is a one-byte field indicating the number of the layer. 
The "First Address* gives the sector address of the first 

55 sector in the program area of the layer. The "First Ad- 
dress" is the lowest sector address value in the layer. 
The "Last Address" gives the sector address of the last 
sector in the program area of the layer. The *Last Ad- 
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dress" is the highest sector address value in the layer 
The "First Track Number Offset* (two bytes) gives 
the vafue of the first track number in the program area 
of the layer. The "Number of Tracks" gives the number 
of tracks in the program area of the layer- 
One byte of the "Layer Type" gives the type of the 
layer. The value 0 indicates the type I, the value 1 md>- 
cates the type II, and the value 2 indicates the type III. 
Values S1 to $FF mean Reserved, The Reserved field 
has the value $00. 

Further explained are other fields of Fig. 11. The 
"Publisher Entry" is a 64-byte field containing informa- 
tion on the publisher of the disk. The "Manufacturer En- 
try" is a 32-byte field containing information on the man- 
ufacturer of the disk. The Reserved field has the value 
$00. 

The "Track Entry" contains data on one track on the 
disk. Track Entry 0 contains data on the first track on the 
disk. All bytes in an unused Track Entry are set to $00. 
The layout of the Track Entry N is given in Fig. T4. 

24 bits of the "Track Start Address" (2-complement 
code) give the sector address of the lirst sector in the 
track The first sector in one track is the sector with the 
lowest Sector Address in the track. 24 bits of the "Track 
End Address" (2-complcmcnt code) give the sector ad- 
dress of the last sector in the track. The last sector in 
one track is the sector with the highest Sector Address 
in the track. 

The 'Track Copyright Code" is a one-byte field ff 
the Copyright Codes foraft sectors in the trackare equal, 
then the Track Copyright Code is equal to the Copyright 
Code of the sectors tn the track, or else the Track Cop- 
yright Code is equal to 255. 

The "Track Application Code" is a one-byte field, ff 
the track is a single application track, then the Track Ap- 
plication Code is equal to the Application Code which is 
not empty If the track is a mixed application track with 
sectors having a plurality of Application Codes, then the 
Track Application Code is equal to 255. If the Track Entry 
describes an empty track, then the Track Application 
Code is equal to 254. 

The "Track Information Sector" is a 24-bit 2-com- 
plement code, and indicates the address of the sector 
that contains the Track Information. If the Track Infor- 
mation is not available for the track, then the value is set 
to -1. 

The layout of the Additional TOC Sectors is g ven 
in Ftg. 1 5. The value of Byte Position in Fig. 1 5 gives the 
start position of a field in the user data field of a sector. 
Byte Position 0 is the first byte in the user data field of 
a sector. Individual fields in the layout of the Addition 
TOC Sector have the same definition as that of the in- 
dividual fields in the layout of the First TOC Sector 
shown in Fig. 11, and their explanation is omitted here. 

Next explained is an apparatus for record and play- 
back of multi-layered disks embodying the invention. 
Kinds of data are immaterial for multi-layered disks em- 
bodying the invention. However, only for explanation, 



Fig 1 6 shows an apparatus for decod'ng (encoded) var- 
iable-rate data as an apparatus used for recording and 
reproducing digital data of moving pictures havng a 
farge amount of data accorcrnc to the P/PEG (Moving 

5 Pictures Expert Group) standard, far example 

In Fig. 16. data on the optical d;sk 11 is reprodjeed 
by a pickuo 12. the pickup 12 irradates laser J-ghtcnto 
the optical disk 1 1 , and reproduces the data on the op- 
tical disk 11 from the reflected light. The signal reoro- 

io duced by the pickup 12 is sert to a demodutator 13 
which in turn demodufates the reproduced s^gna! from 
the pickup 1 2 and t'ansfers it to a sector detector 1 4 

The sector detector 1 4 detects sector data recorded 
on each sector from the data supplied, and supplies rt 

15 to a layer separator 29. The layer separator 29 sepa- 
rates the sector address and the layer number from the 
sector data. The sector address SAC ts supplied to a 
ring buffer controller 1 6. and the sector detectcr 1 4 ca- 
puts data to the next ECC circuit 1 5. keeping the sector 

20 synchronization. If the address s not detected or when 
the detected address is not contiguous, for example, 
then the sector detector 14 :ransfers a sector number 
error signal tnrcugh the ring buffer control er 16 to a 
track jump detector 22 If the layer separator 29 cannot 

25 detect discontinuity of the layer number, or if the detect- 
ed layer numoer is not equal, then tha lays - separator 
29 supplies a layer number error signal through the rtrg 
buffer controller 16 to the trark rurrp detector 25 

An Ecc crrcurt 15 detects an e^ror rn da:a suppled 

30 from the sector detector circuit 14. then corrects the er- 
ror using redundant bits added to the data, ard transfers 
the corrected data to ring buffer memory (F;FO) 17 for 
track'jump. When the ECC crrcurt 15 cannot correct the 
error in the data ft supplied an error occurrence signal 

35 to a track jump discriminator 2S 

The ring butter controller IS cortrcJs wrrtng and 
reading of tha ring buffer memory 17 and monitors a 
code request signa' output from a mulrp!ex data sepa- 
rator IS to request data. 

40 The track jump discriminate 23 monitors the output 
of the ring buffer controller 1 5 When a track jump is re- 
quired, the ring buffer controSer 16 outputs a track jump 
signal to a track jump servo circurt 17 to have the pickup 
12 jump from a track to another on the optcal d:sk 11 

45 under reproduction 11 , The Vac* jump disermnator 2B 
detects a sector number erro' signal from the sectcr de- 
tector 14, layer number error signal from the layer sep- 
arator 29 and the error occurrence signal from the ECC 
circuit 15, and outputs a t^ack jump signal to a tracking 

50 servo circuit 27 to have the pickup 1 2 ;ump f-orn a track 
to another on the optica! disk 11 urder reproduction. 

Data output from the ring buffer memory 17 is ap- 
plied to the multiplex data separator 13 The header seo- 
arator 19 of tne mu!t;plsx data separator 18 separates 
the pack header ard the packet header from the data 
supplied from the ring buffer memory 17. supplies them 
to a separator control circuit 21 , and at the same time 
supplies time-di visional mu!t?p)ex data tc the input ter- 



6 



BNSOOCID: <£P 071530T A2_l._> 



* 



11 

minal G of a switching circuit 20. Output terminals (se- 
lective terminals) H1, H2 of the switching circuit 20 are 
coupled to input terminals of a video code buffer 23 and 
an audio code buffer 25. An output of the video code 
buffer 23 is coupled to the input of the video decoder 24, 
and an output of the audio code buffer 25 to input of an 
audio decoder 26. 

A code request signal from the video decoder 24 
enters in the vtdeo code buffer , and a code request sig- 
nal from the video code buffer 23 enters in the multiplex 
data separator 18. The video data decoded by the video 
decoder 24 complies with the MPEG standard referred 
to above, in which three different pictures by three dif- 
ferent coding methods, namely, intra-frame coded pic* 
ture (normally called I picture), inter-frame predictive 
coded picture (normally called P picture ) and inter- 
frame bi-directional predictive coded picture (normally 
called B picture), make a predetermined group (called 
GOP). 

Similarly, a code request signal from the audio de- 
coder 26 enters in the audio coder buffer 25, and a code 
request signal from the audio code buffer 25 enters in 
the multiplex data separator 18. The audio data decod- 
ed by the audio decoder 26 may comply with the MPEG 
standard here again, or may be either compressed cod- 
ed digital audio data or non-compressed audio data by 
ATRAC (trademark) proposed by the present Applicant. 

Next explained are behaviors of respective ele- 
ments of the data decoding apparatus. The pickup 12 
irradiates laser light onto the optical disk 11 , and repro- 
duces data recorded on the optical disk 11 from the re- 
flected light The reproduction signal from the pickup 1 2 
is supplied to and demodulated in the demodulator 13. 
Data demodulated by the demodulator 1 3 enters in the 
ECC circuit 15 via trie sector detector 14 for detection 
and correction of errors. If the sector number (address 
assigned to each sector of the optical disk 11) is not 
properly detected, then a sector number error signal is 
output to the track jump discriminator 28. When uncor- 
rectable data is found, the ECC circuit 15 outputs the 
error occurrence signal to the track jump discriminator 
28. The corrected data is supplied from the ECC circuit 
15 to the ring buffer memory 17 r and stored there. 

Output (sector data) of the sector detector 1 4 is sup- 
plied to the layer separator 29, and separated into layer 
number LNo. and sector address SAd. Both the layer 
number and the sector address are supplied to the ring 
buffer controller 16. If the layer number (layer number 
recorded on a sector of the optical disk 11 ) is not detect- 
ed normally in the layer separator 29, a layer number 
error signal is output to the track jump discriminator 2S. 
The ring buffer controller 16 reads out the layer number 
LNo. and the sector address SAd, and designates a 
write address (write pointer (WP)) on the ring buffer 
memory 17 corresponding to the address Sad. 

When the optical disk 11 is first reproduced by the 
data decoding apparatus, the information about the op- 
tical disk 11, whether it is single-layered or multi-layered 
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and how many layers it has, is important for the servo 
circuit. Therefore, on the first reproduction of the optical 
disk 1 1 , the number of recording layer on the disk is giv- 
en from the layer separator 19 to a drive controller, not 

s shown, and to the racking servo circuit 27. Thus ensured 
is reliable reproduction. 

Additionally, the ring buffer controller 1 6 designates 
a read address (read pointer (RP)) o! data written in the 
ring buffer memory 1 7 on the basis of the code request 

io signal from the next-stage multiplex data separator 1 3, 
then reads out data from the read pointer (RP), and sup- 
plies it to the multiplex data separator 18. 

The header separator 1 9 of the multiplex data sep- 
arator 18 separates the pack header and the packet 

15 header from the data supplied from the ring buffer mem- 
ory 17, and supplies them to the separator controlling 
circuit 21. Pursuant to the stream id information of the 
packet header supplied from the header separator 19, 
the separator control circuit 21 sequentially connects 

20 the input terminal G with the output terminals (selective 
terminals) H1 , H2 to properly separate the time-division- 
al multiplex data, and supplies it to a corresponding 
code buffer. 

The video coder buffer 23 generates a code request 

2$ to the multiplex data separator 18, depending on the 
amount of code buffer currently held inside, and stores 
received data. The video code buffer 23 accepts a code 
request from the video decoder 24, and supplies data 
held inside. The video decoder 24 reproduces the video 

so signal from the supplied data, and outputs it through the 
output terminal 31. 

Depending on the amount of the code buffer cur- 
rently held inside, the audio code buffer 25 issues a code 
request to the multEplex data separator 18, and stores 

55 the received data. The audio code buffer 25 accepts a 
code request from the audio decoder 26 and supplies 
the data held inside. The audio decoder 26 reproduces 
the audio signal from the supplied data and outputs it 
through the output terminal 32. 

40 Thus, the video decoder 24 requests data to the vid- 
eo code buffer 23, the video code buffer 23 in turn issues 
a request to the multiplex data separator 18, and the 
multiplex data separator 18 issues a request tothe ring 
buffer controller 16. Responsively, data flows Irom the 

45 buffer memory 17 in the opposite direction relative tothe 
direction of the requests, 

When the amount of consumed data In the video 
decoder 24 in a unit time decreases due to, for example, 
data processing on simple pictures continued for a time, 

50 the amount of data read out from the ring buffer memory 
17 also decreases. In this case, the amount of data 
stored in the ring buffer memory 17 increases. In order 
to prevent possible overflow, the track jump discrimina- 
tor 18 calculates (detects) the amount of data currently 

55 stored in the rin g buffer memory 1 7 by means of the write 
pointer (WP) and read pointer (RP). When the amount 
of data exceeds a predetermined reference value, the 
track jump discriminator 18 determines a possibility of 
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overflow in the ring buffer memory 17, and outputs a 
track jump command to the tracking servo circuit 27 

When the track jump discriminator detects a sector 
number error signal from the sector detector 14 or an 
error occurrence signal from the ECC circuit 15, it cal- 
culates the amount of data held in the ring buffer mem- 
ory 17 in view of the write pointer (WP) and the read 
pointer (RP), and determines a necessary amount of 
data for reliable reading from the ring buffer memory 17 
to the multiplex data separator 18 during one revolution 
of the disk 11 (during the one-round waiting time of the 
disk 11) + 

When the amount of the remaining data in the ring 
buffer memory 17, underflow does nol occur in the ring 
buffer memory 17 even when data is read out from the 
ring buffer memory 17 at the maximum transfer rate. 
Therefore, track jump discriminator 28 determines that 
the error can be corrected by again reproducing the Jo- 
cation of the error by the pickup 1 2, and outputs a track 
jump command to the tracking servo circuit 27. 

When the track jump command is output from the 
track jump discriminator 2B, the tracking servo circuit 27 
makes the position for reproduction by the pickup 12 to 
jump to a one-track inner position. Then in the ring buffer 
controller 16, writing of a new data onto the ring buffer 
memory 17 is prohibited until the position for reproduc- 
tion reaches the position before the jump after another 
revolution of the optica! disk 11, that is, until the sector 
number obtained from the sector detector 14 coincides 
with the sector number just before the track jump, and 
data already stored in the ring buffer memory 1 7 is trans- 
ferred to the multiplex data separator 18, if necessary. 

After the track jump, even when the sector number 
obtained from the sector detector 14 coincides with the 
sector number just before the track jump, if the amount 
of data stored in the ring buffer memory 17 exceeds the 
predetermined reference value, that is, if there is the 
possibility of overflow in the ring buffer memory 17, then 
writing of data onto the ring buffer memory 17 is not re- 
sumed, and another track jump is done. 

When reproduction of the first layer is finished, the 
sector address S Ad reaches a predetermined address, 
for example, address (255). The ring buffer controller 16 
which detected the predetermined address supplies a 
fayer switching signal to the focus servo circuit 30 and 
the tracking servo circuit 27. The focus servo circuit 30 
changes over the focalization of the pickup 1 2 from the 
first layer to the second layer. The tracking servo circuit 
27 interrupts the tracking servo control for a time until 
the changeover of the focalization to the second layer 
is accomplished. The reason why the tracking servo 
control is once interrupted is that no tracking error signal 
is obtained during dislocation of the focus from the first 
layer to the second layer 

When the tracking is completed, the sector detector 
14 outputs a sector data of the second layer, and the 
layer number Ln n~1) and the sector address SAd 
(=256) are obtained by the tayer separator 1 9 tf the re- " 
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corded data is video data according to the MPEG stand- 
ard, the first picture cf the second layer is preferably a 
so-called Intra (\ picture) to minimize the decodrsg time 
It takes a certa'm period of time for the foc^s cf the 
s pickup 12 to move from a layer to another Hcweve* the 
ring buffer memory 1 7 can store an amount of cat£ cor- 
responding lo the time, and continuous reproduction cf 
moving pictures is ensured 

If the amount of stored data is insufficient the prcb- 
lem can be served as explained below. For example, the 
same data may be written in both tf-e outermost track cf 
the first layer and the outermost track c* the second Sayer 
such that the movrg direction cf the ptckup can te in- 
verted in a m dd'e co*rt o* the track- 
As another method for solvng the problem, imme- 
diately before the end cf the lirsl tayer that is. whe-2 the 
sector address reaches rea' around 253 and 254. tor 
example : all data after that may be written rt the mg 
buffer memory 1 7 to the extent not causing overflew of 
the ring buffer memory 17. The ring tuffer memory 17 
ordinarily has surplus room f cr data stcra ge so as to pre- 
vent under flow end overflow. Therefore a flag for inver- 
sion may be contained in a predate rminec sector 
number, if the number of sectors is fixed, cr on the sub- 
code of the sectors if the number of sectors is vanab'2 
Although the arrangement of Fig 15 is for a d;sk 
playback apparatus, a disk recording apparatus can be 
made by using a recordable d;sk such as rra c^eto-octic 
disk, phasa-change-type disk and so forth as the op:i- 
cal disk 11. In this case, sector synchronizing s^gna^s. 
sector addresses, and other like information are prefer- 
matted, and data is recorded in predetermined tocatorss 
using the p re-formatted ir format ion 

Although a particular example has been desc~oed 
as the uppermost recording layer has the recorcxg di- 
rection from the inner side to the outer side, the record- 
ing direction may be opposite Further attfto jch tne ex- 
ample uses spiral tracks, the invent on ts alsc applicable 
to a different example using concentre tracks. 

As explained above, since the data recorcne me- 
dium embodying the invent "on is configured to a" ernate- 
fy change the recording cirectJon among a p?ura^:ty re- 
cording layers, it facilitates translation from a layer to 
another at a high speed and enables qujck access, in 
addition, with the record'playoack apparatus for such 
data recording medium, the changeover from a Eayer to 
another during recordng or playoack ts smooth, and 
high-speed access is possib r e. 

Having described a specific pre?e r red embodiment 
of the present inversion with reference to the accompa- 
nying drawings, it is to be understood that various 
changes and mod."! cations may be effected therein by 
one skilled in the a-t without departing from the scope 
of the invention as defined in tha appended clams 
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Claims 

1 . A disk-shaped data recording medium, comprising: 

at least a first and a second recording layers; 5 
a first recording direction from the inner side to 
the outer side of said medium and a second 
recording direction from the outer side to the 
inner side of said medium being determined as 
directions for recording data; 10 
one of said first and second recording direc- 
tions being used as the recording direction of 6. 
said first recording fayer; 
the other of said first and second recording 
directions being used as the recording direction 15 
of said second recording layer; and 
each of said recording layers including a data 
area in which data has a sector structure, and 
each sector containing at least a layer number 
for identifying said first recording layer and said zo 
second recording layer 

2. The data recording medium according to claim 1, 
wherein; 

data recorded in said data areas of said first 
and second recording layers is regulated to 
have the sector structure; and 
each sector contain sat least said layer number. 

30 

3. The data recording medium according to claim 1, 
wherein: 

7. 

data recorded on said data areas of said first 
and second recording layers is regulated to 35 
have the sector structure, and 
each sector contains at least a number of 
recording layers on the disk. 

4. The data recording medium according to claim 1, *o 
wherein: 

the final end of data on the first recording layer 
and the initial end of data on the second record- 
ing layer are located on circles substantially 4 $ 
equal in diameter. 

5. A recording apparatus comprising means for 
recording data on a disk-shaped data recording 
medium comprising: 50 

at least a first and a second recording layers; 

a first recording direction from the inner side to 

the outer side of said medium and a second 

recording direction from the outer side to the ss 8. 

inner side of said medium being determined as 

directions for recording data; 

one of said first and second recording direc- 



tions being used as the recording direction of 

said first recording layer; 

the other of said first and second recording 

directions being used as the recording direction 

of said second recording layer; and 

each of said recording layers including a data 

area in which data has a sector structure; and 

each sector containing at least a layer number 

for identifying said first recording layer and said 

second recording layer. 

A recording apparatus comprising means for 
recording data on a disk-shaped data recording 
medium comprising: 

at least a fjrst and a second recording layers; 
a f<rst recording direction from the inner side to 
the outer side of said medium and a second 
recording direction from the outer side to the 
inner side of said medium being determined as 
directions for recording data; 
one of said first and second recording direc- 
tions being used as the recording direction of 
said first recording layer; 
the other of said first and second recording 
directions being used as the recording direction 
of said second recording layer; and 
each of said recording layers including a data 
area in which data has a sector structure and 
each sector containing at least a number of 
recording layers on the disk. 

A playback apparatus comprising means for repro- 
ducing data from a disk-shaped data recording 
medium comprising: 

at least a first and a second recording layers; 
a first recording direction from the inner side to 
the outer side of said medium and a second 
recording direction from the outer side to the 
inner side of said medium being determined as 
directions for recording data; 
one of said first and second recording direc- 
tions being used as the recording direction of 
said first recording layer; 
the other of said first and second recording 
directions being used as the recording direction 
of said second recording layer; and 
each of said recording layers including a data 
area in which data has a sector structure, and 
each sector containing at least a layer number 
for identifying said first recording layer and said 
second recording layer. 

A playback apparatus comprising means for repro- 
ducing data from a disk-shaped data recording 
medium comprising: 
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at least a first and a second recording layers; 
a first recording direction from the inner side to 
the outer side of said medium and a second 
recording direction from the outer side to the 
inner side of said medium being determined as 
directions for recording data; 
one of said first and second recording direc- 
tions being used as the recordjng direction of 
said first recording layer; 
the other of said first and second recording 
directions being used as the recording direction 
of said second recording layer; and 
each of said recording layers including a data 
area in which data has a sector structure, and 
each sector containing at least a number of 
recording layers on the disk. 



10 



15 



the other cf said fi-st and second reco-ding 
directions be?rg Lsed as the recordmg direction 
of said second recording layer: and 
each of satd recording layers including a da:a 
area in when data fas a sector structure and 
each sector corr.airmc at leas: a number cf 
record: rg layers on the d:sk 



9. A record/playback apparatus comprising; 



means for recording data on a disk-shaped 20 
data recording medium, and 
means for reproducing data from said data 
recording medium, wherein said data recording 
medium comprising: 

at least a first and a second recording layers; 25 
a first recording direction from the inner side to 
the outer side of said medium and a second 
recording drrection from the outer side to the 
inner side of said medium being determined as 
directions for recording data; 30 
one of said first and second recording direc- 
tions being used as the recording direction of 
said first recording layer; 
the other of said first and second recording 
directions being used as the recording direction 35 
of said second recording layer; and 
each of said recording layers including a data 
area in which data has a sector structure, and 
each sector containing at least a layer number 
for identifying said first recording layer and said *Q 
second recording layer. 

10. A record/playback apparatus comprising: 

means for recording data on a disk-shaped ■*$ 
data recording medium; and 
means for reproducing data from said data 
recording medium, wherein said data recording 
medium comprising: 

at least a first and a second recording layers; so 
a first recording direction from the inner side to 
the outer side of said medium and a second 
recording direction from the outer side to the 
inner side of said medium being determined as 
directions for recording data; 55 
one of said first and second recording direc- 
tions being used as the recording direction of 
said first recording layer; 
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